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DISK DRIVE REFRESHING ZONES IN 
SEGMENTS TO SUSTAIN TARGET 

THROUGHPUT OF HOST COMMANDS 

BACKGROUND 

1. Field 
The present invention relates to disk drives for computer 

systems. In particular, the present invention relates to a disk 
drive refreshing Zones in segments to Sustain target through 
put of host commands. 

2. Description of the Related Art 
Disk drives comprise a diskanda head connected to a distal 

end of an actuator arm which is rotated about a pivot by a 
voice coil motor (VCM) to position the head radially over the 
disk. The disk comprises a plurality of radially spaced, con 
centric tracks for recording user data sectors and embedded 
servo sectors. The embedded servo sectors comprise head 
positioning information (e.g., a track address) which is read 
by the head and processed by a servo control system to control 
the Velocity of the actuator arm as it seeks from track to track. 

Because the disk is rotated at a constant angular Velocity, 
the data rate is typically increased toward the outer diameter 
tracks (where the Surface of the disk is spinning faster) in 
order to achieve a more constant linearbit density across the 
radius of the disk. To simplify design considerations, the data 
tracks are typically banded together into a number of physical 
Zones, wherein the data rate is constant across a Zone, and 
increased from the inner diameter Zones to the outer diameter 
Zones. This is illustrated in FIG. 1, which shows a prior art 
disk format 2 comprising a number of data tracks 4, wherein 
the data tracks are banded together in this example to form 
three physical Zones from the inner diameter of the disk 
(ZONE 1) to the outer diameter of the disk (ZONE 3). The 
prior art disk format of FIG. 1 also comprises a number of 
embedded servo sectors 6-6 recorded around the circum 
ference of each data track. Each servo sector 6, comprises a 
preamble 8 for storing a periodic pattern, which allows proper 
gain adjustment and timing synchronization of the read sig 
nal, and a sync mark 10 for storing a special pattern used to 
symbol synchronize to a servo data field 12. The servo data 
field 12 stores coarse head positioning information, such as a 
track address, used to position the head over a target data track 
during a seek operation. Each servo sector 6, further com 
prises groups of servo bursts 14 (e.g., A, B, C and D bursts), 
which comprise a number of consecutive transitions recorded 
at precise intervals and offsets with respect to a data track 
centerline. The groups of servo bursts 14 provide fine head 
position information used for centerline tracking while 
accessing a data track during write/read operations. 

During a write operation, a current is applied to a write 
element of the head (e.g., a write coil) to create a magnetic 
field which magnetizes the surface of the disk by orienting the 
direction of magnetic grains (e.g., horizontally in longitudi 
nal magnetic recording, or vertically in perpendicular mag 
netic recording). The orientation of the grains exhibits hys 
teresis thereby generating their own magnetic field when the 
write magnetic field is removed. During a read operation, a 
read element of the head (e.g., a magnetoresistive element) 
transduces the magnetic fieldemanating from the disk Surface 
into a read signal that is demodulated into an estimated data 
Sequence. 
The hysteresis of the magnetic grains is not permanent 

meaning that over time the grains will orientate into random 
directions (magnetic entropy) until the magnetic field is no 
longer sensed reliably (leading to data errors during repro 
duction). Magnetic entropy may also be precipitated by vari 
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2 
ous factors, such as increasing ambient temperature. That is, 
at higher temperatures the uniform alignment of the grains 
will degrade faster. Another factor that precipitates magnetic 
entropy is a phenomenon referred to as adjacent track inter 
ference (ATI) wherein when writing data to a target track, the 
fringe field from the write element degrades the uniform 
alignment of the grains recorded in an adjacent track. The 
degrading effect of ATI on the adjacent tracks compounds 
over time with each write operation to the target track. Even 
tually, the magnetic fieldemanating from the disk Surface will 
deteriorate to the point that the data is no longer recoverable. 
To protect against catastrophic data loss due to magnetic 

entropy, the prior art has suggested to maintain refresh moni 
tors for periodically refreshing data within refresh Zones 
(reading and rewriting data) So as to periodically realign the 
magnetic orientation of the grains. When a refresh monitor 
triggers, indicating that a refresh Zone needs refreshing, the 
prior art refreshes the entire Zone which can significantly 
reduce or even halt the average throughput of access com 
mands received from the host until the refresh operation is 
completed as illustrated in FIG. 2. 

There is, therefore, a need to perform a refresh operation 
for a disk drive while maintaining adequate throughput of 
host commands. 

SUMMARY OF THE EMBODIMENTS OF THE 
INVENTION 

An embodiment of the present invention comprises a disk 
drive including a disk comprising a plurality of refresh Zones, 
and a head actuated over the disk. The disk drive further 
comprises control circuitry for receiving access commands 
from a host. The control circuitry refreshes a refresh Zone in 
a plurality of segments with an interval between each seg 
ment, and processes at least one of the access commands 
during the interval between at least two of the segments, 
wherein a size of each segment and the interval ensures an 
average throughput of access commands received from the 
host does not fall below a first threshold. 

In one embodiment, at least one of the refresh Zones com 
prises a plurality of tracks. 

In another embodiment, the tracks form a plurality of 
physical Zones, and the segment size is selected relative to the 
physical Zones. In one embodiment, each track comprises a 
plurality of data sectors, and the segment size is selected 
relative to a number of data sectors per track within each 
physical Zone. In another embodiment, each track comprises 
a plurality of data sectors, a number of skew data sectors is 
associated with a contiguous access pattern when Switching 
tracks within one of the physical Zones, and the segment size 
is selected relative to the number of skew data sectors. 

In yet another embodiment, the control circuitry maintains 
a first priority queue of refresh Zones scheduled to be 
refreshed using a first interval between segments, and main 
tains a second priority queue of refresh Zones Scheduled to be 
refreshed using a second interval between segments, wherein 
the second interval is shorter than the first interval. In one 
embodiment, a duration of the first interval ensures an aver 
age throughput of access commands received from the host 
does not fall below the first threshold, and a duration of the 
second interval ensures an average throughput of access com 
mands received from the host does not fall below a second 
threshold less than the first threshold. In another embodiment, 
the control circuitry maintains a refresh monitor for each 
refresh Zone, and transfers one of the refresh Zones held in the 
first priority queue to the second priority queue if the corre 
sponding refresh monitor exceeds a threshold. 
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In still another embodiment, the control circuitry adjusts 
the interval, and in one embodiment, the control circuitry 
maintains a command queue of access commands received 
from the host and adjusts the interval based on a number of 
access commands in the command queue. In another embodi 
ment, the control circuitry maintains a refresh queue of 
refresh Zones scheduled to be refreshed and adjusts the inter 
val based on a number of refresh Zones in the refresh queue. 

Another embodiment of the present invention comprises a 
method of operating a disk drive, the disk drive as comprising 
a disk including a plurality of refresh Zones, and a head 
actuated over the disk. Access commands are received from a 
host, and a refresh Zone is refreshed in a plurality of segments 
with an interval between each segment, wherein at least one 
access command is processed during the interval between at 
least two of the segments, and a size of each segment and the 
interval ensures an average throughput of access commands 
received from the host does not fall below a first threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a prior art disk format having a plurality of 
tracks banded together to form a plurality of physical Zones. 

FIG. 2 illustrates how in the prior art the average through 
put of access commands received from a host will fall to Zero 
due to refreshing a refresh Zone in one segment. 
FIG.3A shows a disk drive according to an embodiment of 

the present invention comprising a disk, a head actuated over 
the disk, and control circuitry. 

FIG.3B is a flow diagram executed by the control circuitry 
according to an embodiment of the present invention for 
refreshing a refresh Zone in segments to ensure an average 
throughput of access commands received from the host does 
not fall below a first threshold. 

FIGS. 4A and 4B illustrate how refreshing a refresh Zone in 
segments with an interval between each segment ensures an 
average throughput of access commands received from the 
host does not fall below a first threshold. 

FIG. 5 illustrates an embodiment of the present invention 
wherein the segment size is selected relative to a number of 
data sectors per track and a number of skew data sectors 
within each physical Zone. 

FIG. 6 shows a refresh monitor according to an embodi 
ment of the present invention wherein a refresh Zone is 
inserted into a first priority queue and transferred to a higher 
priority queue if the refresh monitor indicates an exigent need 
to refresh. 

FIGS. 7A and 7B show an embodiment of the present 
invention whereina Smaller interval is used to refresh Zones in 
the higher priority queue to expedite the refresh process. 

FIG. 8A is a flow diagram according to an embodiment of 
the present invention wherein the interval between segments 
of a refresh Zone is adjusted relative to a number of access 
commands in a command queue. 
FIG.8B is a flow diagram according to an embodiment of 

the present invention wherein the interval between segments 
of a refresh Zone is adjusted relative to a number of refresh 
Zones in a refresh queue. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

FIG.3A shows a disk drive according to an embodiment of 
the present invention including a disk 2 having a plurality of 
refresh Zones (e.g., refresh Zones 1-3), and a head 4 actuated 
over the disk 2. The disk drive further comprises control 
circuitry 6 for receiving access commands from a host. The 
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4 
control circuitry 6 executes the flow diagram of FIG. 3B 
according to an embodiment of the present invention. When a 
refresh Zone needs refreshing (step 8), the control circuitry 6 
refreshes the refresh Zone in a plurality of segments (step 10) 
with an interval between each segment, and processes at least 
one of the access commands during the interval between at 
least two of the segments (step 12), wherein a size of each 
segment and the interval ensures an average throughput of 
access commands received from the host does not fall below 
a first threshold. The refresh operation continues until all of 
the segments of the refresh Zone have been refreshed (step 
14). 

In the embodiment of FIG. 3A, the disk 2 comprises a 
plurality of embedded servo sectors 16-16 that define a 
plurality of data tracks 18. The head 4 is connected to a distal 
end of an actuator arm 20 which is rotated about a pivot by a 
voice coil motor (VCM) 22 in order to actuate the head 4 
radially over the disk 2. The control circuitry 6 processes the 
read signal emanating from the head 4 to demodulate the 
information in the embedded servo sectors. The demodulated 
servo information (position error signal) is then processed 
(e.g., using appropriate compensation filtering) to generate a 
position control signal 24 applied to the VCM22 in order to 
position the head 4 over a target data track (seek to the target 
data track and track the centerline of the target data track). In 
one embodiment, each data track is partitioned into a number 
of data sectors, wherein write/read operations are performed 
on one or more data sectors at a time. 

In the embodiment of FIG.3A the data tracks 18 are banded 
together into a plurality of refresh Zones from the inner to 
outer diameter of the disk. However, the refresh Zones may be 
defined in any suitable manner, including to define the refresh 
Zone relative to logical block addresses or physical block 
addresses. In one embodiment, the refresh Zones may extend 
across multiple disk Surfaces. 

FIGS. 4A and 4B illustrate how refreshing a refresh Zone in 
segments with an interval between each segment ensures an 
average throughput of access commands received from the 
host does not fall below a first threshold TH1. The average 
throughput may be measured in any Suitable manner, such as 
the number of access commands received per second. In FIG. 
4A the y-axis represents the average throughput of host com 
mands, and the X-axis represents time. In FIG. 4B, the y-axis 
represents an amount of data (segment size) that is refreshed 
between an interval T, and the X-axis represents time, wherein 
any suitable threshold TH1 and any suitable corresponding 
segment size and interval T may be selected in the embodi 
ments of the present invention. For example, the threshold 
TH1 may be selected for a family of disk drives, or it may be 
configured in-the-field relative to the needs of a particular 
user or a particular operating environment. In an embodiment 
described below, the segment size and/or interval are adjust 
able relative to an operating parameter of the disk drive. Such 
as the number of access commands in a command queue or a 
number of refresh Zones queued for refreshing. 

In one embodiment, the tracks form a plurality of physical 
Zones similar to the prior art disk format shown in FIG. 1, 
wherein the physical Zones may be the same or different than 
the refresh Zones. A data rate of data recorded in the data 
sectors may be increased from the inner diameter physical 
Zone to the outer diameter physical Zone in order to maintain 
a more constant linearbit recording density. In one embodi 
ment, the segment size is selected relative the physical Zones, 
for example, by selecting the segment size relative to a num 
ber of data sectors per track within each physical Zone. In 
another embodiment, a number of skew data sectors is asso 
ciated with a contiguous access pattern when Switching tracks 
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within one of the physical Zones, and the segment size is 
selected relative to a number of data sectors per track and the 
number of skew data sectors within each physical Zone. 
An example of the number of skew data sectors per physi 

cal Zone is illustrated in FIG. 5 which shows that when 
Switching tracks there may be one skew data sector for physi 
cal Zone one, two skew data sectors for physical Zone two, and 
three skew data sectors for physical Zone three. In practice, 
there may be significantly more skew data sectors per physi 
cal Zone, and in one embodiment, they may be measured by a 
number of wedges (e.g., the number of data sectors between 
consecutive servo sectors 16). Since Switching tracks con 
Sumes time, in one embodiment the segment size is reduced 
by the Switching latency. For example, in one embodiment the 
segment size is selected as 2x(data sectors per track)-2.5.x 
(skew data sectors). So if a particular physical Zone com 
prises 100 data sectors per track and 10 skew data sectors, the 
segment size would equal 2x(100)-2.5x(10)=175 data sec 
tors. In one embodiment, once the segment size is selected, 
the interval T may be selected for the segment size. The 
selected segment size and interval T may result in a threshold 
TH1, i.e., a segment size and an interval that will ensure the 
average throughput of access commands received from the 
host does not fall below the first threshold TH1. In another 
embodiment, once the interval T is selected, the segment size 
may be selected relative to the interval T. The interval T 
and/or segment size may be fixed for a class of disk drives or 
may be adjusted based on disk drive operating conditions, as 
will be described more fully below. 
Any suitable refresh monitor may be employed in the 

embodiments of the present invention to determine when a 
refresh Zone needs to be refreshed. FIG. 6 shows an example 
refresh monitor that may be implemented by the control cir 
cuitry 6, comprising a first counter 26 clocked at a frequency 
28 that establishes a refresh interval, and a second counter 30 
clocked by a write signal 32 each time a write operation is 
performed to the refresh Zone. Thus, the refresh monitor of 
FIG. 6 can be considered as tracking a refresh interval that is 
biased by the number of writes to the refresh Zone to com 
pensate for the precipitating effect that write operations have 
on magnetic entropy. The output of counter 26 is combined 
with the output of counter 30 at adder 34, and when the output 
of adder 34 exceeds a first threshold 36 at comparator 38, the 
corresponding refresh Zone may be inserted into a first queue 
having a first priority. Once the refresh Zone is selected from 
the first queue and refreshed, the counters 26 and 30 may be 
reset by a refresh signal 40. However, if the output of adder 34 
exceeds a second threshold 42 at comparator 44 before the 
refresh Zone is refreshed, then the refresh Zone may be trans 
ferred from the first queue to a second queue having a higher 
priority in order to expedite the refresh operation for that 
refresh Zone. That is, the refresh Zones stored in the second 
queue may be refreshed prior to the refresh Zones stored in the 
first queue. 

In one embodiment, the control circuitry 6 maintains a first 
priority queue of refresh Zones scheduled to be refreshed 
using a first interval between segments, and maintains a sec 
ond priority queue of refresh Zones scheduled to be refreshed 
using a second interval between segments, wherein the sec 
ond interval is shorter than the first interval. In one embodi 
ment, a duration of the first interval ensures an average 
throughput of access commands received from the host does 
not fall below the first threshold, and a duration of the second 
interval ensures an average throughput of access commands 
received from the host does not fall below a second threshold 
less than the first threshold. This embodiment is illustrated in 
FIGS. 7A and 7B wherein a first refresh Zone (ZONE 1) is 
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6 
selected from the first priority queue and refreshed at a first 
refresh interval T that prevents the average throughput of 
access commands received from the host from falling below 
a first threshold TH1. While refreshing the first refresh Zone 
(ZONE1) a second refresh Zone (ZONE2) is transferred from 
the first priority queue to the second priority queue. The 
second refresh Zone is then selected from the second priority 
queue and refreshed at a second interval T that prevents the 
average throughput of access commands received from the 
host from falling below a second threshold TH2. Decreasing 
the interval from T to T helps ensure that the refresh Zones 
approaching their refresh limit are refreshed in a timely man 
ner at the expense of reducing the average throughput of 
access commands received from the host. 

In one embodiment, the control circuitry 6 may adjust the 
refresh interval and/or the segment size using any Suitable 
criteria. FIG. 8A shows a flow diagram that may be executed 
by the control circuitry 6 wherein the access commands 
received from the host are stored in a command queue (step 
46), and then the interval (and/or segment size) is adjusted 
based on a number of access commands in the command 
queue (step 48). For example, the interval may be increased as 
more access commands are queued in the command queue to 
help Sustain the desired throughput of access commands. As 
the number of access commands in the command queue 
decreases, the interval may be decreased to help expedite the 
refresh of the queued refresh Zones. Adjusting the interval 
and/or segment size may also alter the threshold TH1 (FIG. 
4A), such that, for example, a shorter interval may result in 
the threshold TH1 decreasing due to less access commands 
being processed. 
FIG.8B shows a flow diagram that may be executed by the 

control circuitry 6 according to another embodiment wherein 
a refresh Zone needing to be refreshed (step 50) is inserted 
into a refresh queue (step 52), and the control circuitry 6 
adjusts the interval between segments based on the number of 
refresh Zones queued in the refresh queue (step 54). For 
example, the interval may be decreased as the number of 
refresh Zones queued for refreshing increases to ensure that 
the refresh Zones are processed in a timely manner. As 
described above, modifying the interval may decrease or 
increase the threshold TH1 (FIG. 4A). 

In another embodiment of the present invention, the refresh 
operation for a refresh Zone may be canceled or deferred 
based on any suitable criteria, Such as the number of access 
commands in the command queue. In one embodiment, the 
refresh operation is restarted from the beginning of the refresh 
Zone after being canceled, and in another embodiment, the 
refresh operation is restarted at the segment where the refresh 
operation stopped (i.e., the refresh operation is deferred). In 
yet another embodiment, the current segment being refreshed 
is finished before deferring the refresh operation, the interval 
following the segment is extended until enough access com 
mands have been processed, and then the refresh operation 
continues. Accordingly, in one embodiment the interval may 
be adjusted for each segment within a single refresh Zone 
based on any suitable criteria, Such as the number of access 
commands in the command queue. For example, if the inter 
Val were decreased for each segment in the refresh Zone, this 
may result in a host average throughput curve that has a 
downward slope instead of the horizontal line shown in FIG. 
4A. This may resultina threshold TH1 that is at the bottom of 
the sloped host average throughput curve. 
Any suitable control circuitry 6 may be employed in the 

embodiments of the present invention, Such as any Suitable 
integrated circuit or circuits. For example, the control cir 
cuitry 6 may be implemented withina read channel integrated 
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circuit, or in a component separate from the read channel, 
Such as a disk controller, or certain steps described above may 
be performed by a read channel and others by a disk control 
ler. In one embodiment, the read channel and disk controller 
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the first segment size is based on the first number of data 

sectors per track and the first number of skew data sec 
tOrS. 

5. The disk drive as recited in claim 1, wherein the control 
are implemented as separate integrated circuits, and in an 5 circuitry is further operable to: 
alternative embodiment they are fabricated into a single inte 
grated circuit or system on a chip (SOC). In addition, the 
control circuitry may include a Suitable preamp circuit imple 
mented as a separate integrated circuit, integrated into the 
read channel or disk controller circuit, or integrated into an 
SOC. 

In one embodiment, the control circuitry 6 comprises a 
microprocessor executing instructions, the instructions being 
operable to cause the microprocessor to perform the steps of 
the flow diagrams described herein. The instructions may be 
stored in any computer-readable medium. In one embodi 
ment, they may be stored on a non-volatile semiconductor 
memory external to the microprocessor, or integrated with the 
microprocessor in a SOC. In another embodiment, the 
instructions are stored on the disk 2 and read into a Volatile 
semiconductor memory when the disk drive is powered on. In 
yet another embodiment, the control circuitry 6 comprises 
Suitable logic circuitry, such as state machine circuitry. 

What is claimed is: 
1. A disk drive comprising: 
a disk comprising a plurality of refresh Zones including a 

first refresh Zone and a second refresh Zone, wherein: 
the first refresh Zone comprises a plurality of tracks 

including a first track; 
the second refresh Zone comprises a plurality of tracks 

including a second track; and 
a data rate of the second track is greater than a data rate 

of the first track; 
a head actuated over the disk; and 
control circuitry operable to: 

receive access commands from a host; 
refresh the first refresh Zone in a first plurality of seg 

ments having a first segment size, wherein the first 
plurality of segments are refreshed with a first interval 
between each segment; 

refresh the second refresh Zone in a second plurality of 
segments having a second segment size, wherein the 
second plurality of segments are refreshed with a 
second interval between each segment; and 

process at least one of the access commands during the 
first and second intervals; 

wherein the first segment size is different from the sec 
ond segment size. 

2. The disk drive as recited in claim 1, wherein: 
the first track comprises a first number of data sectors; and 
the first segment size is based on the first number of data 

SectOrS. 

3. The disk drive as recited in claim 1, wherein: 
the first track comprises a plurality first number of data 

Sectors; 
a first number of skew data sectors is associated with a 

contiguous access pattern when Switching tracks within 
the first refresh Zone; and 

the first segment size is based on the first number of skew 
data sectors. 

4. The disk drive as recited in claim 1, wherein: 
the first track comprises a first number of data sectors; 
a first number of skew data sectors is associated with a 

contiguous access pattern when Switching tracks within 
the first refresh Zone; and 
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maintaina first priority queue of refresh Zones scheduled to 
be refreshed using a first interval between each segment; 
and 

maintain a second priority queue of refresh Zones Sched 
uled to be refreshed using a second interval between 
each segment, wherein the second interval is shorter 
than the first interval. 

6. The disk drive as recited in claim 5, wherein: 
a duration of the first interval ensures an average through 

put of access commands received from the host does not 
fall below a first threshold; and 

a duration of the second interval ensures an average 
throughput of access commands received from the host 
does not fall below a second threshold less than the first 
threshold. 

7. The disk drive as recited in claim 5, wherein the control 
circuitry is further operable to: 

maintain a refresh monitor for each refresh Zone; and 
transfer one of the refresh Zones held in the first priority 

queue to the second priority queue if the corresponding 
refresh monitor exceeds a second threshold. 

8. The disk drive as recited in claim 1, wherein the control 
circuitry is further operable to adjust at least one of the first 
and second intervals. 

9. The disk drive as recited in claim 8, wherein the control 
circuitry is further operable to: 

maintain a command queue of access commands received 
from the host; and 

adjust at least one of the first and second intervals based on 
a number of access commands in the command queue. 

10. The disk drive as recited in claim8, wherein the control 
circuitry is further operable to: 

maintain a refresh queue of refresh Zones scheduled to be 
refreshed; and 

adjust at least one of the first and second intervals based on 
a number of refresh Zones in the refresh queue. 

11. A method of operating a disk drive, the disk drive 
comprising a head actuated over a disk, the disk comprising a 
plurality of refresh Zones including a first refresh Zone and a 
second refresh Zone, wherein: 

the first refresh Zone comprises a plurality of tracks includ 
ing a first track; 

the second refresh Zone comprises a plurality of tracks 
including a second track; and 

a data rate of the second track is greater than a data rate of 
the first track; 

the method comprising: 
receiving access commands from a host; 
refreshing the first refresh Zone in a first plurality of 

segments having a first segment size, wherein the first 
plurality of segments are refreshed with a first interval 
between each segment; 

refreshing the second refresh Zone in a second plurality 
of segments having a second segment size, wherein 
the second plurality of segments are refreshed with a 
second interval between each segment; and 

processing at least one of the access commands during 
the first and second intervals; 

wherein the first segment size is different from the sec 
ond segment size. 

12. The method as recited in claim 11, wherein: 
the first track comprises a first number of data sectors; and 
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the first segment size is based on the first number of data 
SectOrS. 

13. The method as recited in claim 11, wherein: 
the first track comprises a first number of data sectors; 
a first number of skew data sectors is associated with a 

contiguous access pattern when Switching tracks within 
the first refresh Zone; and 

the first segment size is based on the first number of skew 
data sectors. 

14. The method as recited in claim 11, wherein: 
the first track comprises a first number of data sectors; 
a first number of skew data sectors is associated with a 

contiguous access pattern when Switching tracks within 
the first refresh Zone; and 

the first segment size is based on the first number of data 
sectors per track and the first number of skew data sec 
tOrS. 

15. The method as recited in claim 11, further comprising: 
maintaining a first priority queue of refresh Zones Sched 

uled to be refreshed using a first interval between each 
segment; and 

maintaining a second priority queue of refresh Zones 
scheduled to be refreshed using a second interval 
between each segment, wherein the second interval is 
shorter than the first interval. 

16. The method as recited in claim 15, wherein: 
a duration of the first interval ensures an average through 

put of access commands received from the host does not 
fall below a first threshold; and 

a duration of the second interval ensures an average 
throughput of access commands received from the host 
does not fall below a second threshold less than the first 
threshold. 

17. The method as recited in claim 15, further comprising: 
maintaining a refresh monitor for each refresh Zone; and 
transferring one of the refresh Zones held in the first priority 

queue to the second priority queue if the corresponding 
refresh monitor exceeds a threshold. 
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18. The method as recited in claim 11, further comprising 

adjusting at least one of the first and second intervals. 
19. The method as recited in claim 18, further comprising 
maintaining a command queue of access commands 

received from the host; and 
adjusting at least one of the first and second intervals based 

on a number of access commands in the command 
queue. 

20. The method as recited in claim 18, further comprising: 
maintaining a refresh queue of refresh Zones scheduled to 

be refreshed; and 
adjusting at least one of the first and second intervals based 

on a number of refresh Zones in the refresh queue. 
21. A disk drive as comprising: 
a disk comprising a plurality of refresh Zones including a 

first refresh Zone and a second refresh Zone, wherein: 
the first refresh Zone comprises a plurality of tracks 

including a first track; 
the second refresh Zone comprises a plurality of tracks 

including a second track; and 
a data rate of the second track is greater than a data rate 

of the first track; 
a head actuated over the disk; 
a means for receiving access commands from a host; 
a means for refreshing the first refresh Zone in a first plu 

rality of segments having a first segment size, wherein 
the first plurality of segments are refreshed with a first 
interval between each segment; 

a means for refreshing the second refresh Zone in a second 
plurality of segments having a second segment size, 
wherein the second plurality of segments are refreshed 
with a second interval between each segment; 

a means for processing at least one of the access commands 
during the first and second intervals; and 

wherein the first segment size is different from the second 
segment size. 


